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INTRODUCION

The Naval Civil Engineering Laboratory (NCEL) has developed a new
anchor suitable for a wide range of mooring applications. The new anchor
is called the NAVMOOR Anchor. This development was initiated by the
Naval Facilities Engineering Command in response to expanded Navy fleet
mooring requirements from 300,000 pounds (class AA) to 500,000 pounds
(class AAA). Support for this development was also provided by the
Supervisor of Salvage, Naval Sea Systems Command.

This report describes the NAVMOOR Anchor design and operational
features and presents the results of small-scale anchor tests on the
beach and tests of full-size single and tandem NAVMOOR Anchors in sand
and mud. Performance specifications of the NAVMOOR Anchor for sand and
mud seafloors are also provided.

BACKGROUND

A program was established at NCEL in 1979 to improve the Navy's fleet
mooring capability. Detailed anchor testing programs were conducted at
several sites to determine the performance of Navy and commercial anchors
(Ref 1 through 5). These tests provided data to support development of
improved methods for predicting the performance of drag embedment anchors
and methods for improving the performance of anchors (Ref 6 through 11).

Refined mooring load determinations and a reassessment of the Navy's
mooring needs resulted in an upgrade in the Navy's mooring requirements
to 500,000 pounds maximum. An analysis of high efficiency (high holding
capacity to weight ratio) anchor options was performed (Ref 12). The
analysis concluded that the Navy's expanded mooring requirements could
be satisfied with a structurally and operationally improved version of
the Navy's STATO Anchor used in single and tandem anchor leg configura-
tions.

Before proceeding with the new anchor development, a program of model
and small-scale tests of anchors was conducted (Ref 13) to evaluate the
practicality and effectiveness of using anchors in tandem and to evaluate
STATO Anchor configuration changes to enhance performance. Results were
positive and justified prototype anchor development and testing to quan-
tify single and tandem anchor performance in sand and mud seafloors.

ANCHOR DKSCRIPrION AND OPERATIONAL FEATURES

General

The NAVMOOR Anchor (Figure 1) was designed for single and tandem
anchor leg applications. A tandem anchor leg configuration is illus-
trated in Figure 2 with the NAVMOOR Anchor. In this example, chain is
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used to connect the anchors but wire is also acceptable. The NAVMOOR
Anchors are designed to structurally tolerate a tandem system capacity
of up to 2-1/2 times the capacity of a single anchor. Model and small-
scale tests (Ref 13) showed that two anchors of the STATO type (when
rigged in tandem) could develop a total system holding capacity of
2-1/2 times the capacity of a single anchor. This design and applica-
tion approach contrasts with normal commercial practice in the use of
tandem anchors.

Normally, when a tandem anchor (also called a piggyback) is used in
commercial practice, the primary anchor has failed to hold to its design
load. The tandem anchor is added to bring the total capacity of the
system up to the capacity originally required of the primary anchor. In
contrast, the NAVMOOR Anchor system is structurally designed and opera-
tionally capable of being used to satisfy loads associated with much
larger single anchors. The fact that anchor efficiency decreases as
anchor size increases and that the efficiency of two anchors rigged in
tandem is equal to or greater than that of the individually pulled an-
chors, results in less total weight for a tandem anchor system compared
to a single anchor. Also, smaller anchors in a tandem system are easier
to handle and recover, particularly in mud seafloors.

Anchor Design

Two views of a NAVMOOR Anchor, 1,000-pound nominal size, are shown
in Figure 1. The general configuration of the STATO Anchor was used as
the basis for the NAVMOOR Anchor design. For comparison, a STATO Anchor
is shown in Figure 3. Plan dimensions of these two anchor types are
similar for anchors of comparable nominal weight to ensure at least the
same single anchor performance. For reference, design drawings for two
versions of the NAVMOOR Anchor are provided in Appendix A. They include
the 2,000-pound NAVMOOR Anchor with standard stabilizers designed for
causeway mooring applications and the 6,000-pound NAVMOOR Anchor for
salvage with folding stabilizers.

There were three principal problems with the STATO Anchcr that needed
to be corrected to provide an anchor type that would satisfy the Navy's
anchoring requirements. The STATO Anchor is not structurally suited to
tandem anchor use, has experienced performance problems in hard soil, and
has had general structural problems. The NAVMOOR Anchor was designed to
eliminate these problems. Other changes were made to simplify construc-
tion, improve handling, and expand fabrication options.

The design process began with the design of a 10,000-pound NAVMOOR
Anchor for fleet moorings. Finite element analysis techniques were used
to optimize the structural integrity of the anchor within a given weight
specification. After the design was completed, an exact scale model
(about 200 pounds) was designed, constructed, and tested in sand. Some
design changes were found to be necessary to simplify construction;
otherwise, the design and anchor performance were acceptable. For ex-
ample, when tested with the 200-pound STATO Anchor (actual weight was
280 pounds), the NAVMOOR Anchor held 25 percent more than the 30 percent
heavier STATO Anchor. Next, the 10,000-pound NAVMOOR Anchor was fabri-
cated, instrumented with strain gages, and structurally tested to its
design load. The strain gage layout is shown by Figure 4. Twenty single
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and rosette gages were used principally in the vicinity of the anchor
crown. The anchor was loaded several times at the third point of the
fluke (measured from the fluke tip) to its design proof load of 210

kips. The anchor's proof load was established as 70 percent of the
total expected anchor holding capacity, which for the 10K NAVMOOR Anchor
was 300 kips. Some changes were needed in the anchor stopper design to
reduce stress concentrations; otherwise the design was sound. This cali-
brated design could then be used as a basis for larger or smaller NAVMOOR
Anchor designs.

The NAVMOOR Anchor, like most other anchors, is described by a nominal
weight which often differs from actual anchor weight. Anchor weight can
exceed nominal weight by as much as 10 to 15 percent depending upon fabri-
cation means, anchor application, and the designers choice of plate thick-
ness. External anchor dimensions are controlled to ensure consistent and
predictable performance. The nominal weights of the NAVMOOR Anchor were
based on the STATO design. The 6,000-pound STATO design was used as the
basis for extrapolation of all NAVMOOR Anchor sizes. The STATO Anchor

weights were based on anchor weight without mud palms. Mud palms add
about 10 percent to the anchor weight; in addition, normal weight varia-
tions to accommodate available plate sizes could be as much as 10 percent.
As an example, the 6,000-pound NAVMOOR Anchor has two configurations; one
for fleet mooring applications and one for salvage applications. The
weights of these anchors are 5,940 pounds and 7,200 pounds respectively,
even though external dimensions and actual performance are comparable.
The higher weight of the salvage anchor results from a strengthened anchor
palm to support the stabilizer hinge mechanism and the heavier folding

stabilizers.
The principal features of the NAVMOOR Anchor are described in the

following paragraphs. Use Figures 1 and 2 as reference for the follow-
ing discussions.

Anchor Flukes. The plan size of the NAVMOOR and STATO Anchor flukes
are similar. The NAVMOOR flukes are of box-like construction to reduce
fluke stress and to lighten and streamline the flukes. The STATO flukes
are comprised of a central plate with external rib stiffeners. The
stiffeners trap sand during penetration in sand resulting in higher pene-
tration resistance and poor hard soil performance. The primary penetra-
tion resistance on the anchor during the initial embedment phase is on
the flukes; this resistance is a function of fluke roughness. The smooth
NAVMOOR flukes cause significantly less penetration resistance than the
rough STATO flukes. Model and small-scale tests showed at least a 30
percent improvement in anchor capacity for a smooth-fluked anchor in
sand.

The initial design of the NAVMOOR Anchor flukes used internal rib
stiffeners located at the folds in the fluke cover plates; this compli-
cated fluke construction. Subsequently, a more refined finite element
analysis was performed to see if the ribs could be eliminated without
creating an unacceptable weight increase. The ribs could be eliminated
with a minor increase in cover plate thickness. All current NAVMOOR
Anchor designs employ hollow flukes with no internal rib stiffness.
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Stopper Assembly. The stopper assembly consists of a fixed stopper
to restrict the fluke angle to 50 degrees for mud use and a welded-on
sand wedge to reduce the fluke angle to 32 degrees for sand use. Another
restriction to the design is that the anchor penetration angle be 65 de-
grees to ensure penetration in hard soil. The penetration angle described
in Reference 5 is the external angle between the fluke and seafloor when
the fluke is open and the fluke tip and shank end are on the seafloor.

The STATO Anchor experienced structural problems, principally because
of high stresses occurring at the stopper and trunnion area. The trunnion
is the pin located in the anchor crown that connects the shank to the
fluke assembly. A finite element analysis that concentrated on this
highly stressed area identified specific problem areas and enabled con-
fident design. The analysis was supplemented and calibrated by full-
scale instrumented testing of a NAVMOOR Anchor prototype.

Anchor Mud Palms. The NAVMOOR Anchor mud palms are an integral part
of the anchor and are used in sand and mud seafloors. The STATO Anchor
mud palms are welded add-ons when the anchor is to be used in mud. There
is a small performance reduction in sand due to the permanent NAVMOOR
Anchor mud palms but this is compensated for by the enhanced performance
caused by the smooth flukes.

Anchor Stabilizers. Simple pipes are used for the standard NAVMOOR
Anchor stabilizers compared to the welded, tapered construction for the
STATO Anchor stabilizers. Model tests showed that the pipe was equal or
more effective in controlling anchor roll than the tapered units. The
NAVMOOR Anchor stabilizers are bolted or tac-welded in place. They are
easily removed for shipping and storage ease.

Shank Assembly. The NAVMOOR Anchor shank is significantly different
than the STATO Anchor shank. The STATO shank terminates at the trunnion
pin within an enclosed anchor crown as do most anchors. For these anchors,
padeyes are connected directly to the anchor crown. The flukes must be
fixed open to prevent fluke closure when load is applied by a tandem
anchor. The NAVMOOR shank extends through the anchor crown. This enables
connection of the tandem anchor directly through the anchor shank. The
pinned tandem link (shown in Figure 1 in the lower view) provides the
means for the tandem connection and moves independent of anchor fluke
movement. Loading by the tandem anchor does not cause fluke closure
with resulting loss of primary anchor capacity.

As mentioned earlier, model and small-scale tests demonstrated that
two anchors in tandem could develop a capacity 2-1/2 times the capacity
of a single anchor. These tests showed that the tandem or piggyback
anchor could hold 50 percent more than a single, individually pulled
anchor. The anchor shank and connecting hardwara are structurally
designed to safely hold 2-1/2 times the capacity of a single anchor.
The tandem link is sized for a load 1-1/2 times single anchor load.
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ANCHOR APPLICATIONS

A variety of NAVMOOR Anchor sizes have been designed to satisfy many
anchoring applications. Several of the prototypes are shown in Figure 5.

Navy Fleet Noorinas

The Navy maintains about 300 permanent fleet moorings at harbors
worldwide. These moorings currently range up to 300,000 pounds in
capacity. However, the Navy has designs for and is procuring hardware
for storm moorings to 500,000 pound capacity. NAVM00R Anchor designs
were developed to satisfy requirements typically above 300,000 pounds
but can be used effectively for lesser capacity moorings. Twelve
10,000 pound (nominal weight) NAVMOOR Anchors (shown to the right in
Figure 5) have been fabricated for the Navy's inventory for preproduc-
tion evaluation. A design for a 15,000-pound NAVMOOR Anchor was also
completed for the fleet mooring program.

To reduce production costs, the 10,000-pound NAVMOOR Anchors were
partially cast. The anchor shank and palm were cast and the flukes were
fabricated and then welded to the cast palm. The "cast" NAVMOOR Anchor
weight was equal to the fully fabricated anchor weight. In addition,
anchor stresses, as measured during structural proof testing were also
comparable to those of the fabricated anchor.

Navy Salvage

The Navy Supervisor of Salvage identified the need for an improved
drag anchor for salvage operations. It had to be compatible with the
ARS 50 class ships, hold 100,000 pounds in a broad range of seafloor
conditions, and be suitable for free-fall deployment. A 6,000-pound
NAVMOOR Anchor satisfied holding requirements but the anchor had to be
modified to adapt to stowage in existing anchor pockets on the ARS 50
class ships. A prototype 6,000-pound NAVMOOR Anchor is shown in Fig-
ure 5 with one stabilizer in the open position. The stabilizers remain
closed while on deck but can open during free fall to the seafloor. The
stabilizers fully open on the seafloor from drag force on the plates on
the end of the stabilizers when the anchor is proof set.

Tests conducted in soft mud in San Francisco Bay and user tests off
the ARS 50, USS SAFEGUARD in sand and coral off Hawaii confirmed the
ruggedness of the design and the operation of the folding stabilizers.
The 6,000-pound NAVMOOR Anchor is shown in Figure 6 on the SAFEGUARD
being released from the forward and after pockets.

As a result of the tests, some design changes were made to ease
handling, reduce maintenance, and reduce cost. Bosed upon the positive
results achieved with the cast version of the 10,000-pound NAVMOOR
Anchor, the preferred construction method for the NAVMOOR Salvage Anchor
is also a combination of cast and fabricated elements.
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Aphibious Operations

Three sizes of anchors were designed for anchoring applications
associated with amphibious logistics:

1. A 100-pound NAVMOOR Anchor was designed to provide side-stays
for a floating fuel line. The anchor replaces a 200-pound STATO Anchor
(280 pounds actual weight) which was too heavy for manhandling and a
150-pound LWT which was ineffective in mud. Several hundred 100-pound
anchors have been procured.

2. A 1,000-pound NAVMOOR Anchor was designed as a replacement for
the 2,500-pound LWT for the Navy's new Powered Causeway Section (PCS)
because of space limitations on the PCS. Although lighter, the NAVMOR
Anchor will hold several times more than the LWT in mud and roughly
two-thirds as much in sand. To date, 25 PCS's have been outfitted.
Some design changes have occurred as a result of inservice use. The
anchor shank has been strengthened to better tolerate off-line loading.
The sand wedges used to reduce the fluke angle to 32 degrees are now
lightly welded in place rather than bolted in place. This last change
has been made for all the NAVMOOR Anchors.

3. A 2,000-pound NAVMOOR Anchor was designed as the new mooring
anchor for the Army Corps of Engineers causeway system. This anchor
replaces the LWT because of the general ineffectiveness of the LWT in
mud seaflours. Also, the tandem anchoring capability of the NAVMOOR
Anchor allows procurement of a single anchor size to satisfy varying
loads along the causeway by using single and tandem anchor leg con-
figurations.

AMOR TESTING PROGRAM

Anchor testing progressed through various stages including labora-
tory model testing, small-scale testing on the beach at Port Hueneme,
California, and prototype testing in sand off Port Hueneme and in mud
off Hunters Point, San Francisco Bay. The model test program (Ref 14
and 15) will not be discussed in this report. These tests were simply
used to guide preliminary design to ensure at least comparable perfor-
mance of the NAVMOOR Anchor to the proven STATO Anchor design and to
evaluate minor configuration changes to enhance anchor performance.

Test Locations

Port Ruenme. The seafloor material at this ocean test site con-
sisted of a dense well-graded gravelly fine sand. A typical grain size
curve for a sample is provided in Figure 7. This site has changed
considerably since 1981 when prior anchor tests were conducted (Ref 5).
At that time, the site consisted of a poorly-graded fine sand. For
reference, the 1981 distribution is also plotted on Figure 7. The sea-
floor material at this site provided a good test of the penetrating
capability of the NAVMOOR Anchor in hard seafloor conditions.
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San Francisco Bay, Hunters Point. The Hunters Point site was
selected because there was a significant amount of historical data on
the STATO Anchor (Ref 16) and the site was previously classified as a
normally consolidated silty clay (mud). The grain size distribution for
the Hunters Point mud is shown in Figure 8. The soil classified as an
organic clayey silt. Undrained soil shear strength data taken from
three cores are plotted in Figure 9. Historical data from previous NCEL
tests (Ref 14) are also plotted for comparison. The historical data was
generated from unconfined compression tests whereas the current data
came from vane shear testing. Vane shear testing causes less sample
disturbance, thus higher average values; nonetheless, results are simi-
lar. A reasonable approximation for the strength profile can be stated
as the soil strength increases at the rate of 10 psf/ft of depth.

Test Procedures and Equipment

Small Scale Testin . Tests were performed on the beach at Port
Hueneme for comparative evaluations of anchor performance prior to
prototype testing. The beach material consisted of a poorly graded,
medium dense, fine sand. The testing procedure was unsophicticated but
very effective. Anchors were pulled with a bulldozer as shown in Fig-
ure 10. Total load was recorded using a dynamometer at the bulldozer.
Drag distance was visually recorded by observing the travel of a marked
line attached to the anchor relative to a fixed point. Other measure-
ments taken at the completion of the test were anchor roll angle, anchor
shank pitch angle, anchor chain angle, and anchor depth.

Prototype Testi z. The ocean test setups used at Port Hueneme and
San Francisco Bay are shown schematically in Figures 11 and 12. The
test setups were different but both produced the data needed to estab-
lish anchor performance. The test setups and equipment capabilities
were suitable for testing either single or tandem anchors.

Each anchor was instrumented to determine anchor depth, anchor shank
pitch, anchor roll, and anchor load. A load cell was located between
the chain and anchor shackle. An instrument package was strapped to the
anchor shank (Figure 13). It contained inclinometers to measure pitch
and roll, a pressure transducer to measure anchor depth, all signal con-
ditioning equipment, and load cell amplifiers. A hose attached to the
pressure transducer was buoyed off to ensure that it remained in the
water column to avoid false readings. The measurement system(s) was
connected to the instrumentation onboard the test barge via a 1,000-foot-
long electrical well-logging cable. Mooring line load and line angle at
the barge and barge displacement relative to a fixed spar buoy were
measured. These data were needed to calculate true anchor drag distance
as well as to determine the contribution of the bottom resting chain to
total anchoring capacity.

At Port Hueneme, anchor loading was accomplished by a 250-ton capacity
chain jack that pulled the test barge at about 2 feet per minute toward
the restraint mooring that was located on the beach. At San Francisco,
a 150-ton capacity winch was leased to speed the testing process. Because
of winch capacity limits, the wire was two-parted through a sheave located
on another YC barge (Figure 12). The barge system used at Hunters Point
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is shown in Figure 14 at the completion of a test series when the barges
were near touching. There was sufficient wire to allow barge separation
of almost 600 feet which enabled about five tests to be conducted before
the wire had to be overhauled.

SINGLE ANCHOR TEST RESULTS AND ANALYSIS

Port Hueneme Beach Tests

General. Before fabricating the prototype 10,000-pound NAVMOOR
Anchor, a scale model was constructed to evaluate comparative perfor-
mance against the STATO Anchor as well as to devise efficient fabrica-
tion methods. An anchor of approximately 200-pounds (actual weight was
211 pounds) was desired for comparison to the 200-pound STATO Anchor.
It was later discovered that the actual weight of the 200-pound STATO
Anchor was 280 pounds; nevertheless, a relative comparison was still
possible. The model NAVMOOR Anchor was an exact scaled replica of the
prototype. The stress levels in the model at design load are very low
compared to the prototype. If the NAVMOOR model had been designed as a
working prototype, much smaller steel sections could have been used which
would have resulted in a lighter, more streamlined anchor. However, the
dual purpose of evaluating anchor constructability would not have been
served.

Test Results for 200-Pound Anchors. Five tests each were conducted
with the NAVMOOR and STATO Anchors and the results are shown in Fig-
ure 15 and 16. To minimize beach variability effects on test results,
the anchors were alternately pull tested. The average estimated per-
formance curve for each anchor was plotted on Figure 17. Drag distances

were nondimensionalized by reference to anchor fluke length to allow
performance comparison to larger or smaller anchors. It is clear from
Figure 17 that the NAVMOOR Anchor was more effective than the STATO Anchor
in beach sand. The average holding performance advantage of the NAVMOOR
anchor was 25 percent. From an anchor efficiency standpoint, the advan-
tage was significantly greater because of the actual weight difference.
Anchor efficiency is defined as the ratio of anchor holding capacity to
nominal anchor weight.

Figure 18 illustrates one reason why the STATO Anchor is less effi-
cient than the NAVMOOR Anchor in sand even though their general configu-
rations are similar. The external ribs on the STATO Anchor confine and
trap sand during the embedment process. This results in higher penetra-
ting resistance that is a function of the friction between the anchor
fluke and the penetrated medium. The coefficient of friction between
the rough-fluked STATO Anchor and the beach sand i related to the sands
intergranular friction, which for a medium density sand equals about
0.7. The coefficient of friction between a smooth steel surface, like
the NAVMOOR Anchor fluke, and the beach sand is 0.3 to 0.4. From these
preliminary test results it appeared that the goal to improve hard soil
performance had been achieved.

Test Results for 100-Pound Anchor. A 100-pound NAVMOOR Anchor was
designed for the specific application of side-stay anchor for a floating
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fuel line. The 100-pound weight was selected to enable manhandling.
Beach tests were conducted to evaluate anchor stability, performance
consistency, relative holding capacity, and penetrability. The results
of the five tests conducted are shown in Figure 19. Two of the five
tests were run in wet dense sand near the water's edge. The remaining
three tests were performed in dry sand. Results were indistinguishable.
The 100-pound NAVMOOR Anchor had no difficulty penetrating the dense
near-shore sand.- The average performance was plotted in Figure 17.
Interestingly, the 100-pound NAVMOOR Anchor held about 75 percent as
much as the nearly 3 times heavier 200-pound STATO Anchor.

Later, in preparation for the final design of a 6,000-pound NAVMOOR
Anchor for salvage operations, the 100-pound NAVMOOR Anchor was modified
to accept folding stabilizers scaled from the prototype NAVMOOR Salvage
Anchor. The test model is shown in Figure 5. Comparative beach tests
were performed with the standard 100-pound anchor and the 100-pound
anchor with folding stabilizers. Results are not presented, but the
performance of these two anchors was indistinguishable and can be repre-
sented by the curve of Figure 17. This was a surprise because the larger
folding stabilizers were expected to offer greater penetrating resistance
which should have caused lower capacity.

Port Huenme Sand Single Anchor Tests

General. Various sizes of NAVMOOR Anchors (1,000, 6,000 and 10,000
pounds nominal weight) were tested as single anchors. The 1,000-pound
size is shown ready for tests as a single anchor in Figure 13. Typical
load-drag distance data describing the performance of a single anchor is
shown in Figure 20. The cyclic character of the data does not reflect
actual anchor performance; rather, it reflects the effect of the test
method on the results. The chain jack used to apply the test load
hauled in about 3-1/2 feet of chain before it had to be reset to pull
again. During the resetting process, up to 1 foot of chain was let out.
This caused the large drop in anchor load which was a function of moor-
ing geometry rather than anchor slippage. To simplify evaluation of
anchor performance, the data were replotted to show peak values that
correctly represent anchor capacity.

NAYHOOR 1,000-Pound Anchor Test Results. The performance of the
single 1,000-pound NAVMOOR Anchor is shown in Figures 21 and 22. The
test mooring leg from barge to anchor consisted of 36 feet of 2-1/2-inch
chain and 45 feet of 1-1/2-inch chain. Total horizontal tension at the
deck and tension at the anchor were measured directly. The anchoring
tension was determined by subtracting the load caused by the surface
resting chain from total tension. The anchoring tension defines the
true anchor holding capacity which includes loaa carried by the anchor
and buried chain. In both anchor tests, load was still increasing at a
gradual rate when testing was stopped (Figures 21 and 22) so neither
anchor reached maximum capacity. The point at which maximum capacity is
reached can often be difficult to detect during the test. Also, use of
the chain jack was so tedious that tests were often stopped when perfor-
mance appeared to be peaking. In both tests, the anchoring tension was
approximately 30 kips at 40 feet of drag distance.
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The anchor was extremely stable during both tests; maximum anchor
rotation varied from 2 to 5 degrees. The rotation angle remained near
constant during drag suggesting that it was seafloor slope dominated.
Anchor shank angle at maximum load was 8 to 9 degrees with the shank tip
below the shank crown. This was comparable to past STATO Anchor test
results and to NAVMOOR Anchor beach test results.

N&VNOOR 10.000-Pound Anchor Test Results. The results of two tests
run with the NAVMOOR 10,000-pound Anchor are shown in Figures 23 and 24.
The test mooring consisted of 360 feet of 2-1/2-inch chain. Results
were consistent in the dense, gravelly sand. In both tests, all chain
was lifted off the seafloor before peak load was achieved. This had
little or no effect on performance because the anchor was nearing peak
capacity at the time and the chain angle at the seafloor was less than
one degree.

When the anchor was recovered after the first test, it was noted
that the stabilizers were bent backwards (Figure 25). To solve the
problem, the stabilizer pipes were strengthened and shortened by about
15 percent. Shortening of the stabilizers was acceptable because the
anchor had demonstrated excellent stability in all laboratory, beach,
and prototype testing. Also, note on the anchor in Figure 25 that the
paint has been removed from fluke and stabilizer surfaces. This
illustrates difficulty of maintaining a painted anchor used in granular
seafloors. Maximum roll of the 10,000-pound NAVMOOR Anchor was 5 to
6 degrees, which was consistent during drag again suggesting that it was
seafloor slope dominated. Maximum shank angle was 8 to 9 degrees with
the shank tip below the anchor crown, which was comparable to the
1,000-pound NAVMOOR Anchor.

An interesting comparison was made between the results of the proto-
type tests of the 10,000-pound NAVMOOR Anchor and the beach tests of the
200-pound scale model of the 10,000-pound NAVMOOR Anchor. Results were
plotted in nondimensional form in Figure 26 as anchor efficiency (holding
capacity to weight ratio) versus drag distance/fluke length. Although
the beach tests were in dry sand, the average beach test performance
curve was remarkably similar to the prototype performance curves. This
suggests that more than relative performance evaluations of anchors in
sand can be accomplished very inexpensively by conducting tests of
moderately sized scale model anchors in beach sand.

NAVNOOR 6,000-Pound Anchor Test Results. The 6,000-pound NAVMOOR
Anchor was tested twice and the data are plotted in Figures 27 and 28.
The load cell at the anchor did not work reliably in either test; how-
ever, anchoring load could still be determined by subtracting the bottom
chain effect from horizontal deck load. At the point that all chain is
off the seafloor, anchoring load and deck load are equal.

For comparison, a 6,000-pound STATO Anchor was tested and results
are presented in Figure 29. Comparative performance of the STATO and
NAVMOOR Anchors is shown in Figure 30. All anchors remained very stable
during the test, but the STATO Anchor in particular had difficulty
penetrating the dense sand. The second NAVMOOR test, 12-85 PH, also
showed the effects of the dense seafloor; anchor load built rapidly then
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leveled off at about 150 kips. The first NAVMOOR Anchor test showed a
more gradual load building during the 80 feet of drag. Load was still
increasing when the test was stopped at 174 kips. The more gradual
buildup of load and the higher peak capacity for the first test sug-
gested a lower soil density at this test location. When this anchor was
recovered, there were no gravel remnants on the anchor as there had been
on the other anchors.

Historical STATO Anchor test data (Ref 14) at this site showed con-
sistant load buildup to 180 kips and testing was stopped to avoid anchor
damage. Reported soil properties showed a uniform sand of msdium density.
The character of this site has changed and its effect on STATO Anchor
performance has been significant. The performance of the smooth-fluked
NAVMOOR Anchor was better than the STATO Anchor in dense sand. The dif-
ference in performance in a lower density sand should be less pronounced.

Single Anchor Performance Analysis in Sand. Performance curves for
all prototype single NAVMOOR Anchor tests conducted in the dense gravelly
sand are provided in Figure 31. There is a common general degradation
in anchor performance with increasing anchor size. Nominal rather than
actual anchor weight is used to develop the curves. These results should
reflect conservative performance of the NAVMOOR Anchor in sand because
the data were gathered in dense gravelly sand which is a difficult mate-
rial to penetrate. These results demonstrate that the NAVMOOR Anchor
does improve the Navy's hard soil anchoring capability. The sharp,
smooth flukes of the NAVMOOR Anchor enhance penetration in hard soils.

The actual performance curves for the NAVMOOR Anchor, plotted in
Figure 31, were used to define an average curve for each anchor size
tested. These average performance curves are presented in Figure 32.
Even though the trends in Figure 32 showed that maximum capacity was not
generally achieved, it was assumed that it was achieved for purposes of
defining anchor capacity. The maximum holding capacity for each anchor,
from Figure 32, were plotted versus anchor weight in Figure 33. The
performance of geometrically similar anchors can normally be represented
as a straight line on a log-log plot of holding capacity versus nominal
anchor air weight and these data followed that trend. The straight line
through the test results is represented by the equation,

H = 31W A 0.94 (1)SmA

where H = anchor holding capacity - kipsm

WA = anchor air weight (nominal) - kips

San Francisco Bay Mud Sinile Anchor Tests

General. The 6,000-pound and 10,000-pouid NAVMOOR Anchors were used
to evaluate single anchor performance in mud. The 6,000-pound STATO
Anchor was also tested to provide a baseline for comparison to NAVMOOR
Anchor performance and to historical STATO Anchor test data. Model tests
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in soft clay with 1/20 scale models of 6,000-pound anchors showed that
performance was comparable. Thus, it was expected that prototype
behavior would also be similar in mud.

Single Anchor Test Results. An actual data plot for a 10,000-pound
NAVMOOR Anchor test in mud is shown in Figure 34. Horizontal deck load,
anchoring load or true anchor holding capacity, and surface chain load
are plotted versus anchor drag distance. Anchoring load was determined
by subtracting the load caused by the surface resting chain from the
deck load. In all of the mud tests, testing was stopped before maximum
load was achieved. At about 90 feet of drag the anchor crown buoy was
pulled underwater and the instrument cable was near breaking so, the
tests were stopped. Actually, achievement of maximum load can take 200
to 300 feet of drag. At about 90 feet of drag, the anchor achieves 70
to 80 percent maximum capacity and ultimate capacity can be projected
with reasonable accuracy.

Figure 34 shows that the anchor was very stable throughout drag. Its
roll angle oscillated between 5 to 8 degrees from horizontal. Maximum
anchor shank pitch was 8.1 degrees (shank shackle above the anchor crown).
Based upon an analysis of STATO data from Ref 5, the maximum shank angle
for the 6,000-pound STATO Anchor at maximum load and embedment depth is
about 24 degrees (shank shackle up). It's obvious from this and all
subsequent tests in mud that the NAVMOOR Anchor, whose performance will
be shown to be similar to the STATO Anchor, was not at peak capacity.

Results of all 10,000-pound and 6,000-pound NAVMOOR Anchor tests are
provided in Figures 35 and 36. Note that all the tests for each size
anchor are quite similar. The NAVMOOR Anchor flukes tripped open reli-
ably and the anchor remained stable during the penetration process.
Maximum shank angles were far below projected maximum so the anchors
would continue to embed.

Single Anchor Performance Analysis. Results of a 6,000-pound STATO
Anchor test are superimposed on the NAVMOOR test data in Figure 36 and
the results are comparable. With the similarity of the NAVMOOR and
STATO data, historical STATO data for the site coul" be used to estimate
maximum NAVMOOR Anchor capacity. This, of course, assumed that the
current STATO data agreed with historical data; this comparison is excel-
lent (Figure 37). Historical data for the 6,000-pound and 9,000-pound
STATO Anchors were used to define an average performance curve that could
be used to project NAVMOOR Anchor test results for the 6,000-pound and
10,000-pound NAVMOOR Anchors, respectively. For example, the estimated
average performance of the 9,000-pound STATO Anchor in mud is shown on
Figure 38. The selected performance curves for this and the 6,000-pound
STATO Anchor conservatively represent anchor performance in mud. Normal-
ized holding capacity-drag distance relationships for the two STATO
Anchors were developed (Figure 39) from the average performance curves
and were then used to project NAVMOOR Anchor data to determine estimated
maximum capacities. Average performance curves for the NAVMOOR Anchors
were developed from the test data (Figures 35 and 36) and extrapolated
(Figure 40).

The maximum estimated capacities for the 6,000-pound and 10,000-pound
NAVMOOR Anchors are 131 kips and 215 kips, respectively. These maximum
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values were plotted with historical STATO Anchor data to determine a
performance specification in mud (Figure 41). A curve, which reasonably
represents the data, is

H = 25W0 .94  (2)m

where H ff= anchor holding capacity - kips
U

WA = anchor air weight (nominal) - kips

Sumary of Sin le Anchor Tests

The performance of the NAVMOOR Anchor in sand was defined through a
series of small-scale and prototype anchor tests. The NAVMOOR Anchor
demonstrated excellent stability throughout the tests and an ability to
penetrate and hold consistently in a dense gravelly sand. NAVMOOR Anchor
performance exceeded that of the STATO Anchor in dense sand. A goal to
improve the Navy's hard soil anchoring capability has been achieved.

Anchor holding capacity in sand can be defined by the equation,

H = 31WA 0.94 (3)

where H = anchor holding capacity - kipsm

WA = anchor air weight (nominal) - kips

NAVHOOR Anchor performance in mud was consistent and comparable to the
Navy's STATO Anchor. Excellent anchor stability throughout anchor drag
was demonstrated. Anchor holding capacity in mud can be defined by the
equation,

H = 25WA0 .94  (4)

TANDKE ANCIO IELTS L) ANALYSIS

Port Hueneme Sand Tandem Anchor Tests

General. The 1,000-pound and 6,000-pound NAVMOOR Anchors were used
to evaluate tandem anchor performance in sand. NAVMOOR 1,000-pound
Anchors are shown ready for tandem anchor testing in Figure 42 (the
suspended anchor is the tandem anchor). The chain from it is connected
to the tandem link at the rear of the primary anchor. This link is pin-
connected to the shank, not to the anchor crown.

Tandem Anrlor Tests and Analysis. Two tests were performed with
1,000-pound NAVMOOR Anchors and one with 6,000-pound NAVMOOR Anchors.
The test with the 6,000-pound NAVMOOR Anchors was stopped because of a
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hydraulic power unit failure which also ended the test effort. The
second test with the 1,000-pound anchors was also stopped before maxi-
mum load because of equipment problems. Nevertheless, the data that was
gathered agreed with model and small-scale test results and was suitable
for definition of tandem anchor performance in sand.

Results of the 1,000-pound NAVMOOR Anchor tests are shown in Fig-
ures 43 and 44. In the first test (test 3-85PH) deck load and load at
the tandem anchor were measured. The load cell in front of the primary
anchor functioned intermittently. Those data were questionable and are
not presented. In the second test, deck load and load at the primary
anchor were recorded. The load cell at the tandem anchor did not oper-
ate.

The characteristic performance of these anchors in tandem was inter-
esting. Note the dips in the anchor load and deck load curves in Fig-
ure 43. At about 20 to 25 feet of drag, the tandem anchor feels the
soil disturbed by the forwari anchor. Eventually, the tandem anchor
begins to embed deeper through the disturbed soil and the load begins to
increase at a more rapid rate. This behavior was previously noted in
model and small-scale anchor tests. Figure 45 shows the dips, although
more pronounced, for 200-pound STATO Anchors tested in tandem. Since
soil failure in sand occurs through a zone extending many feet forward
of an anchor, the effect of the soil disturbance by the forward anchor
would be noticed before the tandem anchor reached the disturbed soil.

The first tandem 1,000-pound NAVMOOR Anchor tests showed that two
anchors used in tandem will develop at least twice the capacity of a
single anchor. The second test was less conclusive because the test was
stopped due to equipment problems. However, the anchoring and deck load
curves for both tests were quite similar to the point where the second
test was stopped.

Results of the tandem 6,000-pound NAVMOOR Anchor tests are shown in
Figure 46. Load increased rapidly until the rear anchor approached the
zone disturbed by the forward anchor. Then, the characteristic dip in
the load displacement curve occurred similar to all previous tandem
anchor tests. (Note the anchor roll plotted above the load displacement
curve in Figure 46.) The inboard anchor started to roll slightly when
the rear anchor neared the disturbed soil. However, the 6 to 7 degree
roll stabilized and then began to decrease. This shows that the NAVMOOR
Anchor has good stability and will recover after being perturbed. Anchor
load continued to increase at a lesser rate until the test and overall
test effort had to be stopped because of a major test equipment failure.
The rate of load increase after about 40 feet of drag was about twice
that for a single anchor suggesting that both anchors were functioning
properly.

The anchor shank angle of the primary anchor started at 7 to 8 de-
grees (shank shackle down) and gradually decreased lo 2 to 3 degrees
when the test was stopped. This contrasts to a 10- to 11-degree shank
angle (shank shackle down) for the single NAVMOOR Anchor throughout the
test. A difference was that a very large load cell requiring 3-inch
shackles was needed in the tandem test to handle the expected high load,
compared to a load cell 60 percent as wide using 2-1/4-inch shackles for
single anchor tests. This added bearing resistance at the shank shackle
end will affect anchor performance. Also, at about 145 kips load, all
the chain was lifted off the seafloor. Maximum chain angle at the sea-

floor was 3 to 4 degrees which will slightly affect the primary anchor
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performance. The tandem anchor will not be affected. The good stability
of the anchors and the uniform load buildup comparable to the sum of two
independent anchors shows that the two anchors in tandem will develop a
system capacity at least equal to the sum of two individually pulled
anchors in sand.

San Francisco Bay ud Tandem Anchor Tests

General. Tandem anchor tests were conducted with 6,000-pound NAVNOOR
Anchors. In these tests, the anchors were separated by a 90-foot length
of wire rope. This length of wire rope conveniently allowed each anchor
to be handled and placed on the seafloor without disturbing the other
anchor and it exceeded the minimum allowable anchor separation of 3 to 4
fluke lengths (Ref 13) to achieve stable performance. Chain could have
been used to connect the anchors but wire provides less penetrating resis-
tance and its use should enhance system performance.

Tandem Anchor Tests and Analysis. Performance curves for two tandem
anchor tests with 6,000-pound NAVNOOR Anchors are provided in Figures 47
and 48. Similar to the single anchor tests, the maximum drag distance
that could be accommodated was about 90 feet. At 90 feet, the total
system holding capacity was 210 kips, which is roughly twicl the capacity
of a single anchor at that drag distance. This suggests that the tandem
system was functioning effectively.

At the completion of the first test, the tandem anchor was pulled
out of the seafloor and replaced on the seafloor; the primary anchor was
left embedded. Figure 48 shows the continuation of the test as if it
started at zero drag distance. Anchoring load started at 95 kips, which
reflects the capacity of the primary anchor at 90 feet of drag and then
increased to 210 kips in 40 feet of additional drag. The tandem anchor
was then pulled out of the seafloor and the primary anchor was tested to
determine its capacity at test completion. The primary anchor had a
capacity of 148 kips.

Figure 49 shows the two NAVNOOR Anchor tests in combination as a
single test series. For reference, the average performance curve for a
single 6,000-pound NAVIMOOR Anchor is plotted for the same total drag
distance. At the completion of the first test segment, the primary
anchor was holding slightly less than an average single anchor. At the
completion of the second test segment, the primary anchor was holding
considerably more than an average single anchor. Initially, this was
surprising because the embedment of the first anchor was supposed to
have been slowed by the drag of the surface resting tandem anchor; rather,
it seems that the upward pull on the tandem link caused the anchor shank
to pitch forward. This decreases anchor shank angle which effectively
increases fluke angle relative to its trajectory and causes more rapid
penetration and an accelerated increase in capacity. In fact, the
primary anchor's capacity exceeded the predicted ultimate capacity of a
single anchor and it was still continuing to increase at a rapid rati.
The tandem anchor was also behaving as a normal single anchor. With
continued drag, its capacity would exceed single anchor capacity because
the anchor is stable and it was being pulled from a point beneath the
surface; thus, it did not have to embed a large length of chain during
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the process. The capacity of the tandem anchor system in mud will
certainly exceed the capacity of the sum of two single anchors. Model
tests (Ref 13) showed that a tandem anchor system would hold 20 to
30 percent more than the sum of single anchors. Test results in San
Francisco Bay mud indicate that this may be a conservative estimate for
prototype anchors.

The key to the effective use of tandem anchors, particularly in mud
seafloors, is good anchor stability. Previous tests (Ref 13 and 17)
showed that tandem anchor performance depended primarily upon the sta-
bility of the primary anchor. Most anchor types become immediately
unstable when used in a tandem anchor system and could not develop the
full capacities of the individual anchors. As the primary anchor rolls,
it can come to the surface and restrict embedment of the rear or tandem
anchor. The STATO Anchor type demonstrated good stability during model
and small-scale tests in a tandem anchor system. Because of the con-
figuration similarities, the NAVMOOR Anchor was expected to behave
similarly. Prototype results have verified that the NAVNOOR Anchor is
stable as a single anchor and as the primary anchor in a tandem anchor
system. Therefore, each anchor can develop at least its full capacity
in a tandem anchor system.

Sumary of Tandem Anchor Tests

The NAVMOOR Anchors demonstrated excellent stability when used in
tandem. As noted earlier good anchor stability is a key element in the
proper functioning of anchors in tandem. Test results in sand and mud
seafloors showed that two NAVROOR Anchors connected in tandem will
develop at least twice the capacity of a single anchor. While the test
data suggest that this is a conservative estimate, particularly in mud
seafloors, the recommended ultimate capacity of a tandem anchor system
in sand and mud seafloors is twice the capacity of a single anchor.

Since the performance relationships provided for the NAVMOOR Anchors
in sand and mud seafloors show that anchor efficiency decreases as anchor
size increases, there are advantages to using two anchors in tandem
compared to the use of a single large anchor. The anchors are lighter
and easier to handle and recover, and the tandem system is more efficient
resulting in a lighter system.

NAVOIt3 ANCEOR SIZ9 GUIDELIIUS FOR N&Y 1IIT H OORINGS

Using the NAVMOOR Anchor performance relationships presented in this
report, anchor size requirements for various mooring classes could be
determined. Actual calculated anchor sizes based on a safety factor of
two are provided in Table 1. Recommended sizes established by rounding
up or down while remaining within an allowable factor of safety range of
1.75 to 2.25 are provided in Table 2. Acceptance of a factor of safety
of less than 2 is reasonable because anchor performance criteria and
methods used to establish mooring loads are conservative.

Mooring classes below class C in mud and class B in sand were not
considered because standard stockless anchors available in Navy inven-
tory can be used to readily satisfy these needs. The approximate maxi-
mum anchor size considered was 15,000 pounds, which is based upon a
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recovery limitation in mud seafloors. The Navy's ability to recover an
anchor is generally limited to about 200,000 pounds which approximates
the pullout load for a 15,000 pound NAVMOOR Anchor set to its safe work-
ing load in mud.

Four ground leg options with the NAVMOOR Anchor are provided. These
options are standard within the Navy. The four ground leg options listed
in decreasing order of desirability are:

(1) Single chain, single anchor. This is the simplest ground leg
option consisting of a single anchor on a single mooring chain.

(2) Single chain, tandem anchor. This consists of two anchors con-
nected in tandem on a single mooring leg. Minimum recommended anchor
separation referenced to the length of the anchors fluke is 3 flke
lengths. Larger lengths would commonly be used to simplify handling.

(3) Twin chain, single anchor. This consists of two single anchor
legs connected to a common point e.g., ground ring, buoy, etc. To avoid
anchor interference when the anchors are dragged, the anchors are stag-
gered by a minimum of 3 fluke lengths.

(4) Twin chain, tandem anchor. This consists of two tandem anchor
legs connected to a common point. The anchors are staggered by a mini-
mum of 3 fluke lengths to avoid interference.

Table 2 shows that the Navy's fleet mooring requirements from class C
(100 kips) to AAA (500 kips) can be satisfied with only two sizes of
anchors, the 10,000-pound and 15,000-pound NAVMOOR Anchors. Actually,
with the 15,000-pound anchor in the twin chain tandem anchor leg config-
uration, moorings to 650-kip capacity in mud and 800-kip capacity in
sand could be established.

SUNUAY AM CONCLUSIONS

A new Navy mooring anchor (NAVMOOR) has been developed to satisfy a
variety of Navy anchor applications. Various sizes of anchors have been
designed, fabricated, and structurally and operationally proof-tested.
Prototype testing of single anchors and of anchors in tandem were com-
pleted in sand and mud seafloors. Results have shown that the NAVMOOR
Anchor is structurally and operationally superior to the Navy's STATO
Anchor which in the past was the most effective general purpose anchor
for Navy applications. The NAVNOOR Anchor demonstrated its effective-
ness in dense sand and soft mud seafloors when used in single or tandem
anchor leg configurations. The NAVMOOR Anchor has enhanced the Navy's
capability to anchor in harder seafloors and has provided a means to
satisfy its expanded fleet mooring requirements to a 500-kip capacity.

The holding capacity of a single NAVNOOR Anchor can be defined by
the equations:
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H = 25W A 0.94 - mud

and

H = 31W A .94 - sand

where H = anchor holding capacity - kipsm

WA = anchor air weight (nominal) - kips

In a tandem anchor system each anchor will develop at least its full
rated holding capacity. Tandem anchor system capacity is defined as
twice the capacity of a single anchor.

The ability of the NAVMOOR Anchor to be used in single and tandem
anchor configurations and to function effectively in a broad range of
seafloor conditions minimizes the Navy's anchor inventory needs while
satisfying high capacity mooring requirements.

The Navy's fleet mooring requirements from class C (100 kip capacity)
to class AAA (500 kips) can be satisfied with only two sizes of NAVMOOR
Anchor, the 10,000-pound and 15,000-pound NAVMOOR, used in various single
and tandem anchor leg configurations.

Because the tandem anchor system employs smaller anchors to satisfy
new mooring requirements, the Navy's existing equipment assets are
adequate for installation and recovery of the new moorings.

Various size NAVMOOR Anchors have been designed, fabricated, and
employed for Navy mooring applications. These include anchors for
amphibious logistics applications, salvage, and fleet moorings. The
NAVMOOR Anchor design is flexible and can be adapted as needed for other
applications as well.
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tandem anchor primary anchor

Figure 2. NAVMOOR Anchors shown rigged in tandem.

A O. 1 .. ,% ,

Figure 3. 200-pound STATO Anchor.
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From Fluke Tip

Figure 4. Plan view -strain gage locations for IOK NAVMOOR Anchor

proof tests.

Figure 5. NAVMOOR Anchors. Left to right: (1) 1,000-pound,
(2) 200-pound, (3) 6,000-pound with folding stabilizers,
(4) 100-pound model with folding stabilizers,
(5) 100-pound, and (6) 10,000 pound.
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a. Anchor mounted horizontally in forward pocket.

b. Anchor mounted vertically in after pocket.

Figure 6. NAVMOOR Anchors for salvage being deployed from the USS

SAFEGUARD, ARS 50.
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Soil Undrained Shear Strength, Su (psf)
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Figure 9. Soil undrained shear strength profile for San Francisco Bay
mud, Hunters Point.
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Figure 13. 1,000-pound NAVMOOR Anchor with instrumentation system.

Figure 14. Test barge setup used for NAVMOOR Anchor testing in San
Francisco Bay mud, Hunters Point.

32



00

Co,

0

,4
-. 4(

0

0 ZE

1-4<

13E

00
-N 04

< -00 0k

(sdT.1) 44t rdij guqPIoH

33



4ell

00

e4

2

0)
4-)

$4

0

P-'

v' E
4- 1

5 0

0)

0.

I-.

00 C3
0 0

If)

C-

co

34.



0
4-,

0

00
.0l

> .
<' 2 .1

CL 0zX
z

o -<

0
<

Cc

0 .)

u .

0~ r

44 CO

-4

(sdu ) 4avr~D 2uiPJoH

35



4 4b4

36



00

4)
E
4)

0

.

N0 0

*0

0)
0
0

U 0

CO

e44

(sdT) /4~mdv) 2up*o

370



I 0

L I 4-4

L I I z I (
z I I <- I44
i I i ni WI
: I I I(D U

WI I L I -
ri I =I n 4

II IZI m
a.IM I =fIll

= I 1L10
i> I c I L w

F-I ZIWCI 0 b

LL

w- Icc(

0C

~~() --

I i I c

o~~~~c rw : m mc w r

0 SdI p:

t.Aj -38



0 00

ba I

0

0 0
44J

*00

a,

0 ~ 0

60

(sdi)00 p~o

39~



CdO
00
1... 0
00

CU 0

- 1-4
00 0

00 0..

*00

C-4

1-.

0 g
44

400



0
00

43
'1

0

o

o 2

U

4J

0

0
2

0
.- ' '4-4
4-.

'4-. 5-4
.- 0

0.
cc U~ 1.40~ 0

4-
IA 0

0
I- I- ~
0

-~ C
U

o

0

0
0.

0 0
0
0

~ 0~
'-4

0
1.4

~

0 0 0 0 0
0
-4(sdn ) p~o'i

41



00

cc

0

0

4
.4

00o
0

0'

0

-4

C-4

Li 0
(sdt pro-

c42



Figure 25. 10,000-pound NAVMOOR Anchor after testing showing bent
stabilizers.

43



go

- U

CdC

z

0
e

0.
0

'ow

00

~0

cc4

0 00
r*.4 u

~i1SI2M 1oqauy/A1Di:)drj 2uiploH

44



00

7;o

'00

00

0 45



'00

oc

0

46-



____ ___ ____ ___ _ __ ___ ____ ___ _ _ 0

0

(P

o

00

0

IC

0- 00

(sdij pro-4



0

0

0
r-

0.

-' 0

4-,

e-a ba 0 c
4S=.

0)

44)

4)0

04 a

0 0)

4-)

00
cc0

4:4

00

(sdnj) izdrj SuiploH pro-j Suiuoqpuy

48



00

N 0

c >

,- ~o

0W11
Is

0

E 4

f.N 0

4 0

494



0

C,

44E

00
o4c

U 0)

04 >
0) c

0 0

-H

05



600L 277VF.-
400 .i .1 .~ .' .Th.. ..

J0 1> ............

100-1 j

'-40

- ............

= 100 --:--i

80

- *

-- 4

8_ ---------

Ti Li IT 1:
0.1 0 04 0081 4 6 10;1

Noia Anho Weigh.WA..ips

Fiur 33- --- Anchor pefomac speifcaio in' an

5 717 M



.00

00

Cd.

.C.0

d0U

00

-0
0~ 0

0 0 w

0

0 0~ In

U 'd-
00

1 ~ ~ c I..0 ~
00 >

0 .0

00 '- o

000

0 0 00 0 0 0 D 0
00 r 10 1 1, 14 0 (7 00t, V Ln * m 0

(sdpl) Ita,

520



0 0 0
0 000

Cd 0

00

+ 0

u

0 9 E

og

0 U
0

. u

000
eqU

(sdi~~~~~~l) ~ ~ Mt'-4)BilH r- uio:u

503



0 0

0

o .4

0
0 0

4C e

000

C

-9

IA '

(siN /Ivd: 0UIHPOISl~z

54O

Ah A



4 00

V) 0

ootn

0

4-4-)

-A Cd a

0

41

0 )

0

E u

0

000

(sdrl) Airjdtvj Surpfo-{

55



0

'-4

0

-'4

U
<

0 0

5-w

* 4.)

4 U

o~. 0

-,4

r40

(sdtN) A rdD Bupl0

S 56

* 0



r1

00

E

-V 0
> -4

Z: 0

C

E >
0 0-

SC;

oc

00
,4i:rdv Jurio~ ;)vw~lfj/4Updv:)Ouii0)

57c



F- E

:;N

20 u

Iu
* 3 - ~ -(

*~: ~-E
UU U 0

U ~.>

C4I
U>

C U

C) C

ccC l

.z>

0 0 a

a00

-sij 44(ur: 9UIo

-
=58



400:.1'ijI' 47-Il
300-

200 .

801

60:. . 41
40-- 4

~20 :

I Ao~4 historica STATO data T i

101
maximum capacity -x

1(from Figure 40).

3 -
7 11

0.1 0.2 0.4 0.6 0.8 1 2 3 4 6 8 10 20 30

Anchor Weight, WA (kips)

Figure 41. NAVIIOOR Anchor performance specification in mud.

59



0
4-4

60
p

0 )

> )

z0)

JO

60u



00C

<E

E~ C

c >1

C cr

IcZ
(sdi-j pro-

V6

Ab-, a



-Cli~

00

- 0

CO CO

c a;
1~>

0sij -r-

-~ 0 62

UA ma



Er0

CO .

0LX
-~~ r_40 e -

Si.p ol

f) 0.

E '. 4 C



CdC

V~- Z-

VV E

0 -'

V C-

0 >,

0

S~ 0

C13,

64>



0

C.)

- 0

0 0

.0 C I

C~Cd

0 r.

Cd.

(1 -4

(sdp) pu-

652



I I I C

U

S

0

S
0~

I C
I U
I SI- 0

~- C
I ..- C

C u ~I ~S
I ~

4-~ S
S

o -~

b~ ~
S

S I 5 5-

o I C U
.5 S (N

S *~
S

OS

5-

C

CS

C

0
U

- -~

C)
5-
C

0 0 0 0 0 0 0 0 0
eN - - - - -



'10

C'N 0

CI

V .4

E G)

I.
C) r- V

> 0() c -
EN

-
u
U 0 V ~0

o E0~i> ~ -~ 0~.S

0

< C4
-C E

CC

(sdj. 44zrd: C--Cjo

67C



APPENDIX

DESIGN DRAWINGS FOR NAVMOOR ANCHORS

The design drawings for two general types of NAVMOOR Anchors are
provided.

The 2,000-pound NAVMOOR Anchor design drawings represent anchors
designed for amphibious logistics use. The principal difference between
this anchor and anchors designed specifically for fleet mooring applica-
tions is the shank design. Shank taper is nearly nonexistant at the
crown end to increase shank bending resistance to lateral loading. The
shank of fleet mooring anchors can bp more tapered to improve anchor
penetrability because these anchors are rarely subjected to significant
off-line loading.

The 6,000-pound NAVMOOR Anchor for salvage employs folding stabilizers
to enable anchor stowage in existing pockets on Navy ARS ships. The anchor
crown has been strengthened to accommodate the folding stabilizers. The
anchor shank is also less tapered than fleet mooring anchors to simplify
anchor recovery through ARS ship stern chutes. Other minor differences
exist for this anchor to ease handling on board ship and to reduce anchor
maintainability.
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DISTRIBUTION LIST

AF 0550 CES'DEEE. Patrick AFB. FL_; AFITDET (Hudson), Wright-Patterson AFB. OH: AFIT'DET.
Wright-Patterson AFB, OH: HO ESD)DEE: SM-ALC MAWFE (R Anderson). McClellan AFB. (CA

AF HO PREES Washington DC : Traffic Mgmt Cargo Br, Washington. DC
AFB AFSC DEEO (P Montova). Peterson AFB. CX); ALIL LSE 63-465. Maxwell AFB. AL. HOQ MAC!DEEE.

Scott AFB. IL. SAMSO MNND. Norton AFBJ CA
AFESC D)EB. Ty.ndall AFB. FLU HO AFESC.TS 1. Tyndall AFB, FL: [IQ. RDC. Tyndall AFB. FL: HO TST.

Tvndall AFB. FL
ARMY 416th ENCOM. Akron Survey Tm. Akron. OH: 50)1st Spt Gp. Ch Bldgs & Grnds Div, Yongsan. Korea:

AMCSM-W'S. Alexandria. VA: I3MDSC-RE (H McClellan), Huntsville. AL: Comm Cmd. Tech Rel Div.
Huachuca. AZ: Diving Det. Ft Eustis, VA: ERADCOM Tech Supp Dir (DELSD-L). Ft Monmouth, NI:
Engr Div New England. NEDED-D. Waltham, MA: HODA (DAEN-ZCM): POJED-O. Okinawa. Japan:
R&D Cmd. STRNC-US (J Siegel). Natick. MA

ARMY CERL CERL-ZN. Champaign. IL:_ Library. Champaign IL
AXRMYN CORPS OF ENGRS ED-SY (Lovd). Huntsville. AL: HNDED-SY. Huntsville. AL: Library. Seattle.

WA
ARMY CRREL CRREL-FA. Hanover. NH:L Library. Hanover. NH
ARMY DEPOT SDSNC-TP-M (Lorman), New% Cumberland. PA
ARMY ENGR DIST LMVCO-A Bentley. Vicksburg. MS; Library. Portland OR: Phila. Lib. Philadelphia. PA
ARMY ENVIRON. HYGIENE AGCY HSHB-EWk. Aberdeen Proving Grnd. MID
ARMY EWAES Library. Vicksburg NIS: WESCD (TW Richardson). Vicksburg. NIS: WESCP-D (Vallianos).

Vicksburg. NIS: WESCV-Z (Whalin). Vicksburg. MS: WESCW-D. Vicksburg. M1S: WESGP-E (Green).
Vicksburg. NIS

ARMY' LOGISTICS COMMAND ALC ATCJ.MS (Morrissett). Fort Lee. VA
ARMY MAT & MECH RSCH CEN DRXMR-SM (Lenoe). Watertown. MA
ARMY MAT SYS ANALYSIS ACT DRXSY-CM (M Ogorzalek). Aberdeen Proving Grnd. MD
ARMY MTMC MTT.CE. Newport News. VA
ARMY TRANS SCH ASTP-CDM. Fort Eustis. VA: ATSP-CDM (Civilla). Fort Eustis. VA: ATSPO CD-TF.

Fort Eustis. V'A
ARMY ARADCOM STINFO Div., Dover. NJ
ARMY BELVOIR R&D CEN STRBE-AALO. Ft Belvoir. \A: STRBF-BLORE. Ft Belvoir., VA:

STRBE-CFLO. Ft Belvoir. VA
ARMY CERL Ross. Champaign. IL
ADMINSUPLI PWO. Bahrain
BUREAU OF RECLAMATION D-1512 (GW DePuy). Denver. CO: J Graham. Denver. CO
CRC ('ode 10,. Davisville. RI: Code 155. Port Hueneme. ('A: Code 156. Port Hueneme. CA: Code 156F. Port

Hlueneme. CA; (Code 430). Gulfport, MS: Code 15, Port Hueneme. CA: Library. Davisville. RI: PWO (Code
810). Port Hlueneme, CA:. PWO. Gulfport, MS-: Tech Library. Gulfport. MIS

CBLT 4011. OIC. Great Lakes. IL:_ 411. OIC. Norfolk. VA
CNO Code NOP.964, Washington. DC: Code OP 23. Washington. DC: Code OP 323. Washington DC: Code

OP 414. Washington DC: Code OP 424. Washington DC: Code OP 97. Washington. DC: Code OP 987,
Washington. DC: Code OP.987J. Washington, DC: Code OPNAV 09B324 (H). Washington. DC

COGARD R AND DC Library. Groton. CT
COMCBLANT Code S3T. Norfolk. VA
COMICBPAC Diego Garcia Proj Offr. Pearl Harbor. HI
COM4DT COGARD Library. Washington. DC
COMFAIRMED SCE, Naples, Italy
COMFEWSG DET Security Off. Washington. DC
COMFLEACT PWO. Kadena. Okinawa: SCE. Yokosuka Japan
COMNAVACT PWO. London, England
COMNAVAIRSYSCOM Code 41712, Washington. DC
COMNAVBEACHGRU ONE. CO. San Diego. CA: TWO. CO. Norfolk. VA
COMNAVFORKOREA ENJ-P&O, Yongsan. Korea
(OMNAVLOGPAC Code 431I8. Pearl Harbor. HI
COMNAVMARIANAS Code N4. Guam
('OMNAVSUPPFORANTARCTICA DET. PWO. Christchurch. NZ
(COMNAVSURFLANT CO, Norfolk. VA: Code N42A Norfolk. VA
COMvNAVSURFPAC Code N-4. San Diego. CA
COMOCEANSYSLANT Fac Mgmt Offr. PWD. Norfolk. VA
COMOCEANSYSPAC SCE, Pearl Harbor. HI
('OMSC Washington DC
COMSUBDEVGRUONE CO, San Diego. CA: Ops Off r. San Diego. ('A
COMSURFWARDEVGRU CO. Norfolk. VA
COMTRAI.ANT SCE, Norfolk. VA
COMUSNAVCENT ('ode N42. Pearl Harbor, HI



NAVRESCEN PE-PLS. Tampa. FL
COMOPTEVFOR CO. Norfolk. VA
DEPCOMOPTEVFORPAC Code 701A. San Diego CA; Code 705. San Diego. CA
DIA DB-6E1. Washington, DC: DB-6E2, Washington. DC: %'P-TPo, Washington. DC
DIRSSP Tech Lib, Washington. DC
DLSIE Army Logistics Mgt Center. Fort Lee. VA
DNA ST'rlTL. Washington. DC
DOD DFR NE. O'Donovan, PE, McGuire AFB, NJ
DOE WVindOcean Tech Div, Tobacco. NID
DTIC Alexandria. VA
DTNSRDC Code 1541 (Rispin). Bethesda. MD: Code 1561, Bethesda. MD: ('ode 172. Bethesda. MD: Code

4111, Bethesda. MD: DET. Code 119. Annapolis. MD; DET. Code 1250. Annapolis. Nit) DET. (Code 1568.
Annapolis. MD; DET. Code 2724. Annapolis. MD: DET. (Code 284. Annapolis. MD: DET. Code 4120).
Annapolis. MD: DET. C'ode 522 (Library). Annapolis. MD!

EPA ANR-458. Washington. DC
EODGRT ONE DET. ('0 Point Mugu. CA
FAA ('ode APMI-740t (Tomita). Washington. DC
FC I'C LANT. PWO. Virginia Bch. VA
FMFLANT CEC Offr, Norfolk VA
FMFPA(' FEC). (Camp HM Smith. Ill (6 (S('IAD). Camp IIM Smith. III
GSA ('hief Engrg Br. C'ode POB. Washington. DC
LIBRARY OF CONGRESS Sci & Tech Div. Washington. DC
MARCORPS FIRSTr FSSG. Engr Supp Offr. Camp Pendleton. CA
MARINE CORPS BASE PAC FWD. ACOS Fac Engr. Camp Butler. JA: P'AC FWD. Dir. Mlaint Control.

Camp Butler. JA: PWO. ('amp Lejeune. NC: PWO. ('amp Pendleton. ('A
IARITINE ADNIIN MIAR-770) (Corkrey). Washington. DC: R&D. Washington. DC

M('AS Dir. Ops Div. Fac Maint Dept. Cherry Point. NC: PW(). Kaneohe Bay. IIl: PWVO. Yuma. AZ
MC'DE '.NI & IL Di% Quantico. VA: NSAP REP. Quantico VA
MC'LB PW() (C'ode B520),. Barstoss. CA

IC'RD SCE. San Diego ('A
NAVSCSC'OL PWO. Athens. GA
NAF AROIC. %lidsvaN Island: PWC). Atsugi. Japan
NALF OIC. S-.i Diego. (CA
NAS Chase FIdI. C'ode l83tK). Beesille. TX: Code ltL. Alameda. ('A: Code 16.3. Keflavik, Iceland: PWO (Code

192) Bermnuda: Code 187. Jacksonville. FL: Code 22. Patuxent River. Nil: ('ode 70), Marietta. CGA: Code
72E. Willow% Grove. PA: Code 83. Patuxent Riser. MD: Dir. Engrg Div. Millington. TN Engrg Dir. PWD.
Adak, AK: ('ode 1833. Corpus Christi. Tx: Fac Plan Br Mgr (('ode 183). NI. San Diego. CA: Lead CPO.
PWD. Self Help Div. Beeville, TX: ('ode 1821A. Mliramar. San Diego. ('A: PWD Maint Div. New Orleans.
L.'\ PW(). Beeville. T'X: PWO. Dallas TX: PWO. Glenvies'. IL: PWO. Keflavik, Iceland: PWO0. Key West.
FL:' PWO. Ne". Orleans. LA: PWO. Sigonella. Sicily' : PW(). South Weymouth. MA: PW(). Willow Grose.
1PA: SC'E. Barbers Point. HI: SCE. ('ubi Point. RP: SC'E. Norfolk. VA: Security Offr (Code 15). Alameda.
('A: Security Offr. Kingsville. TX

NAIL BUREAU OF STANDARDS Bldg Mat Di% (Niathey). Giaithersburg. MD: Bldg Mat Div (Rossiter).
Giaithersburg. NMD: R~ Chung. Gaithersburg, MD

NATL RESEARCH C'OUNCIL Naval Studies Bd. Washington. DC: Naval Studies Board. Washington. DC
NA\*AIRI)E\,('EN ('ode 832. Warminster. PA
NAVAVNDEPOI ('ode 611M). C'herry Point. NC': Code 640.1. San Diego. C'A
NAVAIRlESTCEN PWO. Patuxent River. MD
NAVAL!DSV('HQ Director. Falls ('hurch VA
NAVCANS SCE (('ode N-7). Naples. Italy
NAVCHAPGRU (C) Williamsburg VA: ('ode 31). Williamsburg. VA: ('ode 60. Williamsburg. VA
NAV('OASTSYS('EN ('0. Panama C'ity. FL: Code 23H). P'anama ('ity. Fl.: ('ode 423. Panamra Cit%, FL: ('ode

63)). Panama ('its. FL:' ('ode 715 (J. Mittleman) Panama C'itv. Ft.: ('ode 710. Panamna ('itv. FL: ('ode 772
I(B. Koess). Panama ('itv. F[.: Tech Library. Panama ('its. FL

NAV('OMMSTA C(ode 401. Nea klakri. Greece: Dir. Nlaint C'ontrol. PWI). Diego Ciarcia: PWO. Exmouth.
Australia

NAV('ONs'RA('EN ('ode W1.115. Port Hlueneme C ('Code 1,1 Port ltuenemei. (CA: ('ode l)2A. Port
Ilueneme. ('A: Curriculum & Instr Stds Offr. Ciulfport. NMS

N AVEDTRA PROD EVCF N Tech Lib, Pensacola. FL_
NAVELEXCEN DEl. OlC. Winter Harbor. NIE
NAVEODTEC'W'EN Trech ~ibrary. Indian Hlead. Nit
NAVFAC PWO (('ode 5))). Brawdy Wales. UK: PWO. ('enterville Bch. Ferndale C'A
NAVFACENGCOM CO (Code )M)(. Alexandria. VA: ('ode 0)3, Alexandria. VA: ('ode 0)31' (Esoglou(.

Alexandria. VA: ('ode 04. Alexandria. VA: Code 0(4B2 (M. Yachnis). Alexandria. VA: Code 014A.
ALexandria. VA: ('ode 0(6. Alexandria VA: ('ode 0)7A I Ilerrntann(. Alexandria. VA: ('ode 07NM (Gross).
Alexandria. VA: ('ode I$)MI24 (Lib). Alexandria. VA: Code IMK. Alexandria. VA: Code IMK213.



Alexandria. VA: ('ode Ill13. Alexandria. VA; C'ode W4A4F (Bloom), Alexandria, VA, (Code 044A3.
Alexandria. VA

NAVFACEN(;COM - ('lES DIV. (ode 101 Washington, DC': (ode 405. Washington. DC: ('ode 407 (D
Seheelele). Washington. DC: ('ode FPO-IC. Washington. DC: (Code FPO-IE. Washington, DC: (Code
FPO-IPI.. Washington. DC. FPO-ll' IP3. Washington. DC

NAVFACENGiC()M LANT DIV Br ((fc. [Dir. Naples. Italy, (Code 40t5. Norfolk. VA: Library.. Norfolk. VA
NAVFACENGCONI NORTHI IV. (0. Philadelphia. PA: ('ode (14, Philadelphia. PA: Code (P4AL.

Philadelphia. PA: C'ode 202.2. Philadelphia. PA: Code 408.AF. Philadelphia. PA
NAVFACENG('OM -PAC' DIV. ('ode )'9)P. Pearl Harbor. 111; (Code 101 (Kyil. Pearl Harbor. HI: Code 20)11.

Pearl Harbor. HLI ('ode 40(2. RDTI&E 1.nO. Pearl Harbor. Ill: Library. Pearl Harbor. HI
NAVFAC'ENG('OM SOUTH DIV ('ode 1112. ('haileston. SC: ('ode 405. (Charleston. SC: Code 40)6.

Charleston. SC: Geotech Section (('ode 40422). (Charleston. SC: Librarv. Charleston. SC
NAVFAC'ENCOM -WEST DIV. (9P 2(4. San Bruno. CA: Code 04B. San Bruno. CA; Librarv (Code 04A2.2),

San Bruno. ('A: RDT&E LnO. San Bruno. (CA
NAVFACENGCOM CONTRACTS Code 4(04, Portsmou~th. VA:. DOICC. Diego Garcia:, DROICC. Lemoore.

(A: OIC'(. Guam: 01CC'. Rota. Spain: OIC'(. Virginia Beach. VA: OIC(' ROICC, Norfolk. VA: ROICC
(('ode 495., Portsmouth. VA: ROIC'(. (Corpus C'hristi. TX: ROICC. Crane. IN: ROICC. Keflavik. Iceland:
ROIC'C. Kes West. FL: ROI(C, Poiint Mugu. CA: Earle. ROICC. Colts Neck. NA: SW Pac. 01CC. Manila.
RP: Trident. OI('(. St Nlarys. GA

NAVFU.EL DET OIC. Yokohama. Japan
NAVIIOSP ('0. Long, Beach, CA: Dir. Engrg Di'.. Camp Lejeune. NC: PWO. Guam. Mariana Islands: SCE

lKnapovwski). Gireat Lakes. L:_ SC'E. ('amp Pendleton ('A: SCE. Pensacola FL
NAVNIAG Engr Dir. PWD. Guam. Mariana Islands: SC'E. Guamn. Mariana Islands: SCE. Subie Bay. RP
NAVkIAR('ORES('EN 1.1.1 Davis. Raleigh. NC'
NAVNIEDCON1 SE REG. Hd. Fac NMgnt Dept. Jacksonville. FL: SWREG. Code 29. San Diego. CA:

SWREG. Head. Fac Nlgmt Depi. San Diego. CA
NAVO('EAN) ('ode 62WM (NI Paigel. Bay St, Louis. NIS Library. Bay St Louis. NIS
NAVOCEANSYSCEN ('ode 52444 (J. Stachim). San Diego. CA: Code 541 (Bachman). San Diego. CA: ('ode 94

(I alkingion). San Diego. ('A: ('ode 944 (H.C. W'heeler). San Diego. (CA: ('ode 964 (Tech Library). San
Diego. CA:, ('ode 9642B (Bayside Library). San Diego. CA: DET. R Yumcri. Kailua. HI: DET. Tech Lib.
Kailua. II

NAVORDMII'SrTSTA Dir. Engrg. PWD. Wshilc Sands. NNM
NAVSINVSE RVRA Annapolis. MD)
NAVPGS('OI ('ode 1424. ibrar\. Mlonteres ('A: C'ode 61WL 10. Wilson). MSontere\. ('A: ('ode 68 (C.S.

W~ul. klonteres. CA.N E. Ihornion. Mlonterev. ('A: Iladerlie. Monterey. ('A: PWO. Mfonterey. ('A
NAVPIIIBASE Ilaibor Clearance Unit '1'\o. Norfolk. NA: PWkO. Norfolk. VA: SC'E. San Diego. CA
N..VRESRED('OM Commander ((Code (472). San Francisco. CA
NAVS('OL('E('FF ('ode C35. Port Hlueneme. ('A: Code ('44A. Port Hueneme. ('A
NAVSEASYS('OM ('ode WC4(. Washington. DC: ('ode 0135, Washington DC(: ('ode 05SM. Washington. DC: ('ode

06114. Washington. DC': ('ode '50"'23 4. Coon). Washington. D(': ('ode 644. Washington. D(': ('ode
('EL.TD23. Washington. DC'% (ode 00('.D. Washington. D(': Code PNIS 395 A2, Washington. DC; ('ode
PMS-396.321 I (J. Rekas) Washington. D(' ('ode SEA-9961 I. Washington. DC: PMIS-395 Al. Washington.
DC:' SEA.4)5R4 (J, Freund), Washington. DC: SEA- 5433. Washington. DC

NAVSE' ('ode 0156D. Washington. DC: ('ode 61571). Wkashington. D('
NAVSECGRUACT PWO. Adak. AK
NA\'SECGIRUCOM ('ode G43. Washington. DC
NAVSFIIPREPFAC L~ibrary. Guam: SCE. Subic Ba'.. RP
NAVSHIIPYD ('arr Inlet Acoustic Range. Bremerton. WA:, Code 20(2.4. Long Beach. CA: Code 24)2.5

(Library). Bremerton. WA: Marc Island. ('ode 280. Vallejo. ('A: Mare Island. Code 280.28. Vallejo, CA:
Code 42)4. Long Be ,h, ('A: Code 444). Bremerton, WA:' ('oide 44)). Portsmouth. NH: Library. Portsmouth.
NH:; Norfolk. ('ode 444). Portsmouth. VA: ('ode 440,4. Bremerton, WA: Mare Island. Code 457. Vailejo.
CA: Norfolk. Code -120,. Portsmouth. VA: PWO. Bremerton, WA: PWO. C'harlestorn, SC': Mare Island.
PWO. Vallejo, ('A

NAVSTA A. Sugihara. Pearl Harbor. HL ('O. Long Beach. CA: ('0. Roosevelt Roads. PR: Dir. Engr Div,
PWD (('ode 182(M)). Mavport. FL:, Engrg Dir. Rota. Spain WC 93. Guantanamo Bay, Cuba: PWO.
Nlayport. Fl.: SC'E. Guam. Marianas Islands: SCE. San Diego ('A: SC'E. Subic Bay. RP: Seeui'ity Offr. San
Francisco. CA: Util Engrg Offr. Rota. Spain

NAN'SUPPFAC Dir. Maint Control Div. PWD. Thurmont. MD
NAVSUPPO Sec Offr. L~a Maddalena. Italy
NAVSW' ('ode E211 (C. Rouse). Dahigren. NA: DET. PW0. White Oak. Silver Spring. NMD: DE'I' White

Oak Lab. ('ode WSO. Silver Spring, MD: PWO. Dahlgren. VA
NAVTECH'rRACEN SCE. Pensacola FL
NAVTRASTA PWO. San Diego. CA
NAVWARCOL ('ode 24. Neupori. RI: 1.ib Serials. Newport. RI
NAVWPNCEN ('0. China Lake. ('A: ('(de 2636. (China Lake ('A: IROI('( (('ode 7012). C'hina Lake. ('A:

PWC) (('ode 2166). ('hina Lake. ('A



NAVW IPNS IA Earle. ('ode 092. ('olts Neck. NJ: [)ir. NMaint Control. PI). Concord. (A: lEngrg Di. IMD.
\'orkvn. V \' PWO. C~harleston, SC: Earle. P'AO. Colts Neck. Ni: PWAO, Seal Beach. (A

NAVWv\PNSIA PWO. Yorktos~n. VA
NAVWPNSTA Supr (ien Engr. PWDT. Seal Beach. CA
NAVWPNSL'PPCEN (ode 09. Crane. IN
NEI- Code -12, Newport. RIE PWO. Nev~port. RI
NCR 20. CO. Gulfport. MIS
NMUCB 3. Operations Offr: 40. ('0: 5. Operations Dept: 74. CO
NOAA Joseph \'adus. Rock~ille. MID: LibrarN. Rockville. MD): NI Ringenbach. Roeksille. MD)
NOAA DAMA BUJOY OFFICE Ch, Engrg Div. Bas' St. Louis, MIS
NORDA CO. Ba% St. Louis. NM Code I t2lSP. Bay St. Louis. MS5: C:ode 350, Ba% St. Louis. W15 Code 352.

Ba\ St. Louis. NIS: Code 41(0. Bay St. Louis. NM5 Head. Geotech Br (Code 363). Bit\ St. L~ouis. MS5: Ocean
ProL Ott (Code SM),. Has' St. Louis. MS5: Ocean Rsch Off (Code 440). Bay St. Louis. NIS

NRL Code 580$) Washington. DC: Ocean Tech Div (0. Griffthh). Washington. DC
NS' ('heathanm Annex. PWO. Williamsbure. VA.: Code 54.1. Norfolk. VA; SCE. Charleston. SC
NSI) SCE. Subic Has'. RP
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